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Abstract of JP20001 44248 

PROBLEM TO BE SOLVED: To execute rolling for silicon steel having a specified Si content by 
kneading silicon steel nnetal powder with agar in which sol-gel transfomiation occurs and water as a 
binder, executing sintering after molding to produce a sintered body having the not more than the 
specified average crystal grain size and specified thickness and executing rolling. SOLUTION: A 
kneaded material is sintered to produce a sintered body with <=300 average crystal grain size and <=5 
mm thickness, which is rolled to a required thickness to obtain silicon steel in which the content of Si is 
controlled to >=3, preferably, to 10 wt.%. The amt. of agar to be added is preferably controlled to 0.6 to 
4.0 wt.%. The amt. of water to be used mixedly with the agar is preferably controlled to 7 to 15 wt.%, 
and when forming the binder, the temp, is desirably controlled to 92 to 96 deg.C at which the agar is 
sufficiently melted, but, desirably, the kneading temp, with the metal powder is controlled to 60 to 65 
deg.C, and the extrusion molding temp, is controlled to 50 to 55 deg.C. The sintering temp, differs in 
accordance with the compsn., average grain size, raw material powder, but is generally controlled to 
1 150 to 1300 deg.C, and It is executed preferably in a gaseous hydrogen atmosphere or in a vacuum. 
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(54) PRODUCTION OF ROLLED SIUCON STEEL SHEET 

(57)Abstract: . o- . . u . 

PROBLEM TO BE SOLVED: To execute rolling for silicon steel having a specified Si content by kneading 
silicon steel metal powder with agar in which sol-gel transformation occurs and water as a binder, executing 
sintering after molding to produce a sintered body having the not more than the specified average crystal 
grain size and specified thickness and executing rolling. 

SOLUTION: A kneaded material is sintered to produce a sintered body with <300 average crystal gram size 
and <5 mm thickness, which is rolled to a required thickness to obtain silicon steel in which the content of Si 
is controlled to >3. preferably, to 10 wt.%. The amt. of agar to be added is preferably controlled to 0.6 to 4.0 
wt % The amt of water to be used mixedly with the agar is preferably controlled to 7 to 1 5 wt.%. and when 
forming the binder, the temp, is desirably controlled to 92 to 96°C at which the agar is sufficiently melted, but, 
desirably, the kneading temp, with the metal powder is controlled to 60 to 65'C. and the extrusion molding 
temp is controlled to 50 to 55°C. The sintering temp, differs in accordance with the compsn., average gram 
size, raw material powder, but is generally controlled to 1 150 to 1300°C. and it is executed preferably m a 
gaseous hydrogen atmosphere or in a vacuum. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



http://wvvwl9.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAAsJaqdSDA412144248P1... 2004-10-04 



(19)B*B4mif (JP) (12) ^ ||:!|$ ^ ^ (A) (Il)193fttlS^B8S# 

#132000-144248 
(P2000-144248A) 
(43)i]^BH B ¥«12^ 5 ^26 B (2000. 5. 26) 



(51) Inter 




F I 


r-73-r(^) 


C 2 1 D 8/12 




C2 ID 


8/12 A 4K0 18 


B 2 2 F 1/00 




B2 2F 


1/00 Y 4K033 


3/00 






3/18 


3/18 




C2 2C 38/00 SOdU 


C2 2C 38/00 


3 0 3 


B2 2F 


3/00 £ 








^3!^ m^(0»2 OL (^ 7 K) 


(2i)ma#^ 


1fH710-311809 


aimmx 


000183417 










(22)dUiB 


71^10^11^ 2 B (1998. 11.2) 




:*:IRl»*IRW«t'ifeK«tR4TB 7»19^ 








591135059 






















(72)fgl»$ 


OiT f& 








:*:iEii»=&iP©*«ra:;ii 2TB 15-17 ft 
















100073900 


















(54) 









(57) [||$?J] 



1 



¥«3eseg300//iTHaTOTl5JV.5iiinKlT<Olfte»:^fta! 

[00011 
[0002] 

[0003] za>tztb. vin.Hm0im^^m<tii^mimLx» 

»«6«)¥l^iSSaS $fil!i!ffl^b L TES-r (K. Nar i t 
a and M. Enokizono : IEEE. Trans. Magn. 14(1978)25 

[00041 Fe* l=Si$3wt%#«-r-6JS»%$«e*X 

S'CEffi^. CVD(Chemical Vapor Deposition)i£l= J: y 

Si^WSe. 5wt%fl)am^«^ ffii-r (Y. lakaca. 
M.Abe. S. Masuda and J. Inagaki : J.Appl. Phys. 64(1 
988)5367.) tffl^, Slffi^tlT L^?>*^ CVDj^l-t^^O 

[00051 

[«B^*<«3iL<>:5i:-r«.Sffil Fe4'l=3wt%JU 

iu±fty, EEmiz^im\ti^mit±{z^&an\n<o-t^ 

ySf^l=:J:oTfi$Tt>i>, 

[00061 LA'^Ls Si$«5/)<3wt%$|gx.'&18$lcl*, ^ 

S&«.t^l*;ftrfflES5F-1*^■rES^lzt: e, 
L^f>-r<'Ecy. ESS^IStA/f^^flfeTfcofc. 



[0007] C<Df6B^I*. eeSE^pTtg-efc^tStlTt^fcSi 

m. m^&iL<D:Lm^^v&tztu<^ ?#e)ih,f=ES 
««$^©**a«JE-cJ9-ic,^raEa-e#4. essjr 

[0008] 

i«ES-r€.ci:i=<feyEffiA<prfl6-cfcy, *fci$i=Kja 

*r<0«J155nmmTi: * f>lcSF^fSi&0. 5nm^UT<!:■r 
<5 d i: 1= J: o T UES-C ^ * C t * «1S L 

[0009] t»^^&M¥^^LTI*. ^BtttlifiK)^. E{» 

E)Sfl^^l-J:yf^S!-ri>^5il|A<fc'5A<, ^^•r^^ti«^K 
aXhA<a<. LA^^200innx50innilil±(7>A$$<O^M 
a>¥lS$f^St-r-Sc^]!i<Slt-efey. |gffi^t:i=MB«<& 

[0010] -tc-c. 5geB#e>i*, f&mmz-t <r*ixmoi^ 
Bm^i^mr-^i^M^^tfii^mtzr>isxm^^tiLtz 

»LfcS»1»l*. l^«lc3KaS14l=«ti4fctol=70kg/cm^ 

tiTo«E*T?flaj»sjK-e#, LA^t/«^K^*l*¥^T)el= 

m««*f^«-e#, -tros^iifii-cis-iof^raES-e^ 

[0011] -r^p+p*., ^(Dssisi*, mmus.m^mmisio> 
mj&ys'Axtb^x. mmamn^mz^mmmizi: y ^/ 

.fey. ®a)eii.03j&yi±$SL<iRi-h*-&«.ctA<5j^ 
-e, 5ftlHlEa*R^fillc•r•5<tlilKlcl^»lc»t^ffiJl•e. 

[0012] 

#*fiA<3wt%Ja±r-(*ESt?#'5f A^o f= w t A^ ^) s Fe* 
0)S\ai-^^m.^3*it%iik±fti>i)^. 10wt%SJa*-5<!:*r 
<40>ttm«^S<D{STA«9Ll^f=«>. 3~10wt%a>^S<Sfie 

[0013] ;I<OI6B^lCfcC^T, /^MESScDjft^tt L^O) 

^Ttmt LTTi.Ai.v$o.oi~i.owt%^iiD-rst. usi 
!^i£a>a»)E£EM]iSififiA<{9&tv. mmj&i^. miBA 



2 



[0014] 15«t»3R(*^*n<OL^■r4^<»t»3^^$t,ffll^•5Ct 

l^l*-e-®i»a>«$«3|5-V>. Fe«5l5lca«Lfc LfcSi|»3R 
i::*-7p-;uat»^fi:^SttaLfc«^t»3S. $f>l= 
I*. Fe-Si<b^4at»3|5i:Fe|»m$jl^LfcsE^I»t,»ffl 

(»)Sl((D/\-f "^'J y-f -If— i^a >">X7^A. 7t^V*!'7 £ 
-e^'S. Fe-Si<b$ia<DSi$:&fit LT(*. 20~51wt%A< 
[0016] Si^«aA<C*t*fix-5i:I^SlcS<bL^f>-r < 

l=JSofcyr4. *fc. ¥J^lttfil*3~100;uinA<«tM 

[0017] Mm 'iffm^m 

jDSli^ 0. 6-4. 0wt%*<>T* Ll^o ^O^mmm. 6wt% 
JfciSI-'S* i:if tiafi£J&B#(D3ia*<¥ L < ffiT-r-i. 1 1 1 
IC. l¥ttlE*7!)<iBS<'Sy»*L < !{£< . *fcS*Dfi*<4. 

[0018] S3S<!:;l^LTfflt^**«)aiJ)0fil*7-«-15wt%A< 

-izwu-e**. 

[0019] »jRa5^?i:*A^p>^f•s/w>^c-^:BfS«>Jifc^^ 

$^*-r'5^Kt»5RO)!H«tt^Bt»3Sfl)K<b^'>'S-< -r 
-Sfcift. yW>^f-A<y^HbL'St'>SSr-pItE'tclSy« 

S»ttS35*<+»ICj)g»-r'592~96''C*<M* UL^A^ & 
Bt»3ii^a>;1ttS£(^60~65%. If Ltb LlSl^iaSliSO 

[0020] ^^Smil 

(tiiarffi'Sfeg y i£-v>/iMciiig-cii^$£«i t r 



ti-gl^iRS^ mXSa-f-ti-rti2000ppin^: 100ppmUlTA< 

[0021] jftiSMSii. MiS. mn^^\z^^ 

•CS<f4*<, -|^ftfl«Jl=l*1150"CA^C,1300•C<DjSft•e7KSl 

tU:^ Ml** A<1*'i!t¥7-68566&i;i#S 

¥5-1 28397<0 * -e M <& AM= L -Cl^ -5 . 

[0022] as ' 

C<D«B^|z*JL^r. SI^Sa<7>¥iaeSI(kS$300</mW 
T. ESBfr<;)«l^^5mn^:iTi:-r4-i:A<M*LL^o ^ 
jS»:a)J5«S-A<5nri^Si^^JS^lcl*. a®<D<i^lcESf6 
* (11 o?S y 15*) A<A^A^ y . fil^tt:a)WgBlcl*J$* A<A^ 

'S*. $&l=a^S9«a>«»*MinmJMTI=^C*vlS. D- 
il/S<DHlc/h * t'' □— JWTES L fc*A<, EffiJtli^i: 15 

^•SflSiaiA^fci). 

[0023] 3tmtR(D¥l$)«iai!lSA<300^in$iS^i>««i= 

I*, □-;ugi:P-;u®iSltlcH^^i:<, E®Kl::t, 

9UA<«±-r-5, *fcipisjeaas5//ni*ss©^m 
saffiof^iitts t»3i;;&*fl*i'Ei:et<aa-c«>^^ff®pr«6-eft 

y. -E-*i(*^SS;gS^Ttf ?)A>. fiEJKffiS^TIf "C^iS 
«:|=)S€.(DT% ffiS^lctf. ^L/A^SS^-r^o 

[0024] z.<j)ft^\zisy.^x. Kmrnam^^^oii^n^is. 

^95%Jil±i:-r-i);ii:A<M*Ll>„ *§jt*ffift$95%*a|-C 
)*ES^I=tt\ •7UA<*aE-ri., 
[0025] «l#fiieL 

ihwfctoic, i5iiaA^ffSLy-=^ic!ei>-rfTt>*iTi>i». c 
iai±©fc«)icft 3t,a)-cfe-6o o^ysss^ffixoKSt 
±.tmka)^T^mmz. isaiiiiii<os^{b$ffio/=t 

[0026] COSEB^icfctNT. «l#66L(OSSI*, ES^ 
(ES«<D«l|[/ESSIiro«»x100(%)) tESetKOspK) 

«tt5c3R<D^iini|at^*na(CJ:oTtfB8$*t^A^ 
^JSVJ^JiSaffiS-C-ES^WSl^ESSlffi-ei*. 1150~ 

i25o^A<®tr*jy. ffii=*#<i:iFi9esias-eEa* 
<r)<5L^a«ss«-^i*, iioo~i2oo"ca>t)fAMc<SL^a.s 

A^SLTLN*. 
[0027] ±IB(D«t$«eLSAA<S-r^«^. ISaffiA^M 

we/as L-r?rs3ffiA<if«icifi< )sy, is»i-;sSA<e 



3 



4 



icBJi*IS;JiLfc. 

[0031] ^±Bi*«;«LfcfiEJBS$a6i=qtr^<fej^ 
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■r. 

[0033] 





No. 


Si 
(wt«) 




dim) 




«HO.C 




0 


C 








1 


20.1 




6.4 


0.040 


0.007 






2 


33.5 


FflSKB) 


4.8 


0.060 


0.013 






3 


33.6 


FeSUe) 


4.8 


0.065 


0.015 


Al 


2.60 


4 


50.1 




3.5 


0.075 


0.020 








6 




Fe 


5.8 


0.240 


0.023 








6 


100 


Si 


4.3 


0.12S 


0.067 


m 






7 




Fe 


46.7 


0.107 


0.054 
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No. 


Si 
(wt%) 








ikmm 


Fe» 
(wt%) 




(wt%) 


tm 

Ciun) 


No. 


Fe-Si 
(wt%> 


s 
* 


I 


3,0 


m 




6.0 


1 


14.9 


85.1 


2 


6.5 


m 




5.4 


2 


19.4 


80.6 


3 


6.5 


Al 


0.60 


5.4 


3 


19.4 


80.6 


4 


10.0 


u 




4.8 


4 


20.0 


80.0 
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[0030] mmm(D^^m^tmisim»'p<f>mf%mA»^ 



4 







Si 
















No. 




(pm) 


0 


c 








6 


6.5 


30 


0.031 


0.026 


m 






6 


6.5 


30 


0.062 


0.029 


V 


0.02 




7 


6.6 


30 


0.065 


0.030 


Al 


0.5 




8 


6.5 


30 


0.070 


0.032 


Ti 


1.00 








Si 








No. 


(wt%) 


No.7 


No.6 
8if»3ic 


No.6 


(pm) 




9 


3.0 


go.0 


3.0 


7.0 


55.9 




10 


6.5 


84.5 


6.5 


9.0 


76.2 




11 


6.6 


98.6 


6.5 




65.5 




12 


10.0 


75.0 


10.0 


16.0 


86.4 
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No. 














(mm) 






(h) 




1 


1 


30X200X6.1 




1200 


3 




2 


2 


60X200X12.2 




1200 


3 




3 


2 


60X200X1.3 


HA 


1200 


3 




4 


3 


60X200X1.3 


StA 


1200 


3 




5 


3 


60X200X6.1 


HA 


1200 


3 


as 


6 


4 


60X200X1.3 


HA 


1200 


3 




7 


6 


60X200X1.8 


HA 


1300 


3 




8 


5 


60X200X1.3 




1150 


3 




9 


5 


60X200X1,3 


HA 


1050 


3 




10 


6 


60X200X1.8 


HA 


1200 


3 




11 


7 


60X200X1.3 


HA 


1200 


3 




12 


8 


60X200X1.3 


H.^ 


1200 


3 




13 


6 


60X200X1.8 




1200 


3 




14 


9 


60X200X1.8 


HA 


1200 


3 




16 


10 


60X200X1.3 


a$ 


1200 


3 




16 


11 


60X200X1.3 




1200 


3 




17 


12 


60X200X1.3 




1200 


3 
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No. 








(wt%) 




«5 






No. 


(mm) 


(mmj 


0 


C 


(jiin) 


(%) 




1 


1 


50X167X5.0 


0.34 


0.1150 


0.003 


83 


99 




2 


2 


50X167X10.0 


0.26 


0.1260 


0.005 


110 


99 




3 


2 


60X167X1.0 


0.40 


0.1300 


0.005 


120 


99 




4 


8 


50X167X1.0 


0.41 


0.1500 


0.005 


120 


99 




5 


3 


60X167X5.0 


0.31 


0.1300 


0.005 


126 


99 




6 


4 


50X167X1.0 


0.45 


0.1500 


0.005 


160 


99 




7 


6 


60X167X1.0 


0.55 


0.1000 


0.005 


370 


100 




8 


6 


60X167X1.0 


0.38 


0.1000 


0.005 


280 


99 




9 


5 


50X167.X1.0 


0.40 


fl 1000 

v.XVW 


0 005 


60 


92 




10 


6 


50X167X1.0 


0.37 


0.1200 


0.005 


140 


99 




11 


7 


50X167X1.0 


0.41 


0.1500 


0.005 


150 


99 




12 


8 


60X167X1.0 


0.44 


0.1600 


0.005 


170 


99 




IS 


6 


60X167X1.0 


0.40 


0.0750 


0.001 


250 


99 




14 


9 


60X167X1.0 


0.38 


0.0800 


0.005 


130 


99 




15 


10 


50X167X1.0 


0.42 


0.1000 


0.005 


150 


99 




16 


11 


50X167X1.0 


0.41 


0.1800 


0.008 


140 


99 




17 


12 


50X167X1.0 


0.43 


0.1400 


0.005 


160 


99 
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^0. 












«K 


as 






No. 


a& 

(X:)X8h 




Urn 


Ba 


iHc 
(Oa) 


n 

(W/kg) 








1 


1 




1250 


900 


10000 


1.43 


0.35 


19 


100 






2 


2 






















3 


2 




1250 


1000 


13000 


1.27 


0.17 


15 


100 




m 


4 


3 


® 


1220 


1500 


15000 


1.27 


0.20 


16 


100 


m 




6 


3 


O 


1220 


1500 


ISOOO 


1.27 


0.16 


16 


100 




m 


6 


4 


® 


1200 


1700 


10000 


1.00 


0.25 


17 


100 






7 


6 




- 


















a 


6 


@ 


1250 


1600 


18000 


1.26 


0.16 


13 


100 






9 


5 


X 




















10 


6 




1220 


2000 


16000 


IM 


0.16 


13 


100 






11 


7 




1210 , 


2100 


17000 


1^ 


0.16 


13 


100 






12 


8 




1200 


2000 


18000 


122 


0.16 


13 


100 






18 


6 




1200 


2600 


18000 


IM 


0.16 


13 


100 






14 


9 




1200 


1900 


17000 


1.24 


0.16 


15 


100 


m 




15 


10 




120O 


2100 


18000 


1.22 


0.16 


13 


100 


m 




16 


11 




1200 


1700 


17000 


1^ 


0.16 


14 


100 


la 




17 


12 




120O 


2300 


16000 


1^1 


0.16 


18 


100 


33 
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